EP 1801 375 A1

(1 9) Européisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 1 801 375 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication:
27.06.2007 Bulletin 2007/26

(21) Application number: 05766444.3

(22) Date of filing: 21.07.2005

(51) IntCl.:
FO1N 3/18 200601
FO1N 3/20 (200601

B01D 53/94 (2006.01)

(86) International application number:
PCT/JP2005/013364

(87) International publication number:
WO 2006/009195 (26.01.2006 Gazette 2006/04)

(84) Designated Contracting States:
DE FR GB

(30) Priority: 23.07.2004 JP 2004215766
(71) Applicant: Hino Motors, Ltd.

Hino-shi,
Tokyo 191-8660 (JP)

(72) Inventor: TSUMAGARI, Ichiro
Hino-shi,
Tokyo 1918660 (JP)

(74) Representative: Walcher, Armin et al
Louis, Pohlau, Lohrentz
Patentanwalte
Merianstrasse 26
D-90409 Niirnberg (DE)

(54) METHOD FOR DETECTING ABNORMALITY OCCURRED IN EXHAUST GAS CLARIFICATION

DEVICE

(57)  Enabled is reliable detection of abnormality in a
NO, emission control system.

Disclosed is a method for detecting abnormality in
an exhaust emission control device with a reducing agent
(urea water 17) being added to selective reduction cat-
alyst 10 incorporated in an exhaust pipe 9 so as toreduce
and purify NO,.. Temperature of the catalyst during an
operation period is monitored to record a cumulative time
for each of temperature zones. On the basis of the re-
corded cumulative time for each of the temperature
zones, a deterioration coefficient of NO, reduction per-
formance is determined for each of the temperature
zones. A standard NO, reduction ratio predetermined for
each of the temperature zones is multiplied by the deter-
mined deterioration coefficient for each of the tempera-
ture zones to update the standard NO, reduction ratio.
The updated standard NO, reduction ratio is used in a
next operation to compare an actually measured NO,
reduction ratio with the standard NO, reduction ratio on
the measured temperature zone. It is determined that
there is abnormality when deviation of the actually meas-
ured NO, reduction ratio from the standard NO, reduction
ratio does not fall within a required range.
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Description
Technical Field

[0001] The present invention relates to a method for
detecting abnormality in an exhaust emission control de-
vice for reduction and purification of NO, in exhaust gas.

Background Art

[0002] Conventionally, some diesel engines have se-
lective reduction catalystincorporated in an exhaust pipe
through which exhaust gas flow, said catalyst having a
feature of selectively reacting NO, with a reducing agent
even in the presence of oxygen; a required amount of
reducing agent is added upstream of the catalyst to be
reacted with nitrogen oxides (NO,) in exhaust gas on the
catalyst to thereby reduce a concentration of the dis-
charged NO,.

[0003] Meanwhile, effectiveness of ammonia (NH3)
used as a reducing agent for reduction and purification
of NO, is well known in a field of industrial flue gas den-
itration, for example, in a plant. However, in a field of
automobile where safety is hard to assure as to running
with ammoniaitself being loaded, researches have been
made nowadays on use of nontoxic urea water as the
reducing agent (see, for example, Reference 1).
[Reference 1] JP 2002-161732A

[0004] More specifically, addition of the urea water to
the exhaust gas upstream of selective reduction catalyst
under a temperature condition of about 170-180°C or
more causes the urea water to be decomposed into am-
monia and carbon monoxide, and NO, in the exhaust
gas on the catalyst is satisfactorily reduced and purified
by ammonia.

Summary of the Invention
Problems to be Solved by the Invention

[0005] However, in such conventional exhaust emis-
sion control device, which has no means for detecting
abnormality in a system, there is a fear that the operation
may be continued without notice of deterioration of the
catalyst due to its repeated exposure to higher temper-
ature condition for a long period of time or without notice
of abnormality in sensors due to unexpected malfunction,
which leads to no attainment of target NO, reduction ratio.
[0006] The invention was made in view of the above
and has its object to make it possible to reliably detect
abnormality in a NO, emission control system.

Means or Measures for Solving the Problems

[0007] Theinventionis directed to a method for detect-
ing abnormality in an exhaust emission control device
with a reducing agent being added to selective reduction
catalyst incorporated in an exhaust pipe so as to reduce
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and purify NO,, which comprises monitoring a tempera-
ture of the catalyst during an operation period to record
a cumulative time for each of temperature zones, deter-
mining a deterioration coefficient of NO, reduction per-
formance for each of the temperature zones on the basis
of the recorded cumulative time for each of the temper-
ature zones, multiplying a standard NO, reduction ratio
predetermined for each of the temperature zones by said
determined deterioration coefficient for each of the tem-
perature zones to update said standard NO, reduction
ratio, using the updated standard NO, reduction ratio in
a next operation to compare an actually measured NO,
reduction ratio with the standard NO, reduction ratio in
a measured temperature zone, and determining pres-
ence of abnormality when deviation of the actually meas-
ured NO, reduction ratio from the standard NO, reduction
ratio does not fall within a required range.

[0008] More specifically, the catalyst incorporated in
the exhaust pipe is gradually deteriorated since it is re-
peatedly exposed under high temperature condition for
a long period of time. Since a degree of the deterioration
differs depending on how many hours and to what degree
of temperature zone the catalyst is exposed, a temper-
ature of the catalyst during an operation period is moni-
tored as mentioned above to record a cumulative time
for each of the temperature zones. A standard NO, re-
duction ratio predetermined for each of the temperature
zones is multiplied by a deterioration coefficient of NO,
reduction performance determined on the basis of the
recorded cumulative time for each of the temperature
zones to update the standard NO, reduction ratio. Thus,
the standard NO, reduction ratio is highly accurately es-
timated for each of the temperature zones in considera-
tion of deterioration with age of the catalyst.

[0009] Thus estimated standard NO, reduction ratio is
used in a next operation to compare an actually meas-
ured NO, reduction ratio with the standard NO, reduction
ratio in a measured temperature zone. Then, when de-
viation of the actually measured NO, reduction ratio from
the standard or proper NO, reduction ratio falls within a
required range, the system can be regarded to be nor-
mally in operation; and when it does not fall within the
required range, it can be determined that the system has
some abnormality.

[0010] When the invention is to be worked in a more
practical manner, itis preferred that a NO, reduction ratio
is measured by NO, sensors arranged on entry and exit
sides of the catalyst, the actually measured NO, reduc-
tion ratio being multiplied by a coefficient of deterioration
with age depending upon used hours of the NO, sensors
to correct the actually measured NO, reduction ratio,
which makes it possible to more accurately determine
the NO, reduction ratio also in consideration to the de-
terioration with age depending upon the used hours of
the NO, sensors to thereby further enhance the accuracy
of abnormality determination.

[0011] Moreover, it is preferable in the invention that
the standard NO, reduction ratio is further multiplied for
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correction by poisoning coefficient determined on the ba-
sis of amounts of emission of HC and CO derived from
an operation condition of the engine, which makes it pos-
sible to calculate more accurate standard NO, reduction
ratio also in consideration of the poisoning deterioration
of the catalyst due to HC and CO to thereby further en-
hance the accuracy in abnormality determination.
[0012] When the deviation of the actually measured
NO, reduction ratio from the standard NO, reduction ratio
falls below the required range, it can be regarded that
the deterioration of the catalyst has progressed abnor-
mally. From such comparison result, it is possible to de-
termine abnormal deterioration in the catalyst. When the
deviation of the actually measured NO, reduction ratio
from the standard NO, reduction ratio is beyond the re-
quired range, such situation cannot occur in a normal
operation; thus, it can be regarded that some abnormality
occurs in the sensors. From such comparison result, it
is possible to determine presence of abnormality in the
Sensors.

[0013] Meanwhile, when the standard NO, reduction
ratio updated per operationis lower than a predetermined
value, it can be regarded that the deterioration with age
of the catalyst has seriously progressed, and therefore
it can be determined that the catalyst is to be replaced
in near future.

Effects of the Invention

[0014] According to a method for detecting abnormal-
ity in an exhaust emission control device of the invention,
the following excellent effects and advantages can be
obtained:

[0015] (I) The highly accurately estimated standard
NO, reduction ratio in consideration of the deterioration
with age of the catalyst is compared with the actually
measured NO, reduction ratio, so that abnormality in the
NO, emission control system can be reliably detected.
As a result, prevented from occurring is a situation that
an operation is continued without notice of deterioration
of the catalyst or abnormality in the sensors and resultant
failure of attaining the target NO, reduction ratio.
[0016] (II) When the NO, reduction ratio is measured
by NO, sensors arranged on the entry and exit sides of
the catalyst and the thus actually measured NO, reduc-
tion ratio is corrected by multiplying it by a coefficient of
deterioration with age depending upon used hours of the
NO, sensors, more accurate NO, reduction ratio can be
determined in consideration of the deterioration with age
depending upon the used hours of the NO, sensors to
thereby further enhance the accuracy in abnormality de-
termination.

[0017] (lll) When the standard NO, reduction ratio is
further corrected by multiplying it by the poisoning coef-
ficient determined on the basis of amounts of emission
of HC and CO derived from the operating condition of
the engine, then more accurate standard NO, reduction
ratio can be calculated in consideration of the poisoning
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deterioration of the catalyst due to HC and CO to thereby
further enhance the accuracy in abnormality determina-
tion.

[0018] (IV) When the deviation of the actually meas-
ured NO, reduction ratio from the standard NO, reduction
ratio falls below the required range, it is determined that
there is abnormal deterioration of the catalyst; and when
itis beyond the required range, itis determined that there
is abnormality in the sensors. Thus, when the deviation
of the actually measured NO, reduction ratio from the
standard NO, reduction ratio does not fall within the re-
quired range, abnormal deterioration of the catalyst and
abnormality in the sensors are determined distinctly from
each other depending upon whether the deviation falls
below or is beyond the required range.

[0019] (V) Ifit is determined that the catalyst is to be
replaced near future when the standard NO, reduction
ratio is lower than a predetermined value, it can be de-
termined that the catalyst is to be replaced when the
standard NO, reduction ratio updated per operation is
below the predetermined value. This may be noticed by
a driver to accelerate earlier replacement of the catalyst.

Brief Description of the Drawings
[0020]

[Fig. 1] A schematic view showing an embodiment
of the invention.

[Fig. 2] A partially cutaway view in perspective of the
selective reduction catalyst shown in Fig. 1.

Explanation of the Reference Numerals
[0021]

1 engine

9 exhaust pipe

10 selective reduction catalyst
17 urea water (reducing agent)
18 urea water addition means

19 revolution number sensor

19a  revolution number signal
20 accelerator sensor

20a load signal

21 control unit

22 NO, sensor

22a  detection signal

23 NO, sensor

23a  detection signal

24 temperature sensor
24a  detection signal

25 temperature sensor
25a  detection signal

Best Mode for Carrying Out the Invention

[0022] An embodiment of the invention will be de-
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scribed in conjunction with the drawings.

Figs. 1 and 2 show the embodiment of the invention. In
Fig. 1, reference numeral 1 denotes a diesel engine. The
engine 1 illustrated has a turbocharger 2 with a compres-
sor 2a to which air 4 from an air cleaner 3 is fed via an
intake air pipe 5. The air 4 thus pressurized in the com-
pressor 2a is further fed to an intercooler 6 where it is
cooled. The cooled air 4 from the intercooler 6 is guided
to an intake manifold (not shown) and is introduced into
each of cylinders in the engine 1.

[0023] Exhaustgas 7 discharged from each of the cyl-
inders in the engine 1 is fed via an exhaust manifold 8 to
a turbine 2b of the turbocharger 2. The exhaust gas 7
thus having driven the turbine 2b is discharged via an
exhaust pipe 9 to outside of the vehicle.

[0024] Incorporated in the exhaust pipe 9 through
which the exhaust gas 7 flows is selective reduction cat-
alyst 10 carried by a casing 11. The catalyst 10 is formed
as a flow-through type honeycomb structure as shown
in Fig. 2 and has a feature of capable of selectively re-
acting NO,, with ammonia even in the presence of oxy-
gen.

[0025] Arranged upstream of the casing 11 is a urea
water injection valve 13 with an injection nozzle 12. The
injection valve 13 is connected through a urea water sup-
ply line 15 to a urea water tank 14 arranged in a required
site. Actuation of a supply pump 16 incorporated in the
supply line 15 causes urea water (reducing agent) 17 in
the tank 14 to be added through the valve 13 and up-
stream of the catalyst 10. The injection valve 13, the tank
14, the supply line 15 and the supply pump 16 constitute
the urea water addition means (reducing agent addition
means) 18.

[0026] Inthe engine 1, a revolution number sensor 19
is arranged for detection of the revolution number of the
engine. A revolution number signal 19a from the sensor
19 and a load signal 20a from an accelerator sensor 20
(sensor for detecting accelerator pedal stepped-in angle)
are adapted to be inputted into an electronic control unit
(ECU) 21 in the form of an engine controlling computer.
[0027] In the control unit 21, an amount of emission of
NO, is estimated on the basis of a current operation sta-
tus determined by a revolution number signal 19a from
the sensor 19 and a load signal 20a from the sensor 20.
An amount of urea water 17 to be added is calculated so
as to be consistent with the estimated amount of emission
of NO,,, and addition of the required amount of urea water
17 is carried out. More specifically, a valve-opening com-
mand signal 13a and actuation command signal 16a are
outputted to the injection valve 13 and the supply pump
16, respectively. The amount of the urea water 17 to be
added is properly controlled by opening of the valve 13,
and injection pressure required for such addition is ob-
tained by actuation of the pump 16.

[0028] Arranged on entry and exit sides of the casing
11 which carries the catalyst 10 are the NO, sensors 22
and 23 for detection of the NO, concentration and the
temperature sensors 24 and 25 for detection of the ex-
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haust temperature, respectively. Detection signals 223,
23a, 24a and 25a therefrom are also inputted into the
control unit 21 and, on the basis of these signals 22a,
23a, 24a and 25a, the abnormality detection of the NO,
emission control system to be detailed hereinafter will be
carried out in the control unit 21.

[0029] More specifically, in the control unit 21, a tem-
perature of the catalyst 10 is estimated on the basis of
the detection signals 24a and 25a from the temperature
sensors 24 and 25 (if possible, the temperature of the
catalyst 10 may be directly measured), and the temper-
ature of the catalyst during the operation period is mon-
itored to record cumulative time for each of temperature
zones (for example, temperature zones starting from
100°C and each with a pitch of 50°C) in arewritable mem-
ory after the engine is stopped.

[0030] The control unit 21 has therein a three-dimen-
sional map of the NO, reduction performance to which
the temperature of the catalyst and the cumulative time
exposed over the temperature are inputted. And, on the
basis of the cumulative time in each of the temperature
zones, the deterioration coefficient of NO, reduction per-
formance is retrieved and determined from the map for
each of the temperature zones. Then, the standard NO,
reduction ratio predetermined for each of the temperature
zones is multiplied by said deterioration coefficient for
each of the temperature zones to update the standard
NO, reduction ratio.

[0031] More specifically, the selective reduction cata-
lyst 10 incorporated in the exhaust pipe 9 gradually de-
teriorates since it is repeatedly exposed to high temper-
ature condition for a long period of time; the degree of
deterioration differs depending upon how many hours
and to what degree of temperature zone it is disposed,
so that the temperature of the catalyst during the opera-
tion period is monitored as mentioned above to record a
cumulative time for each of the temperature zones. The
standard NO, reduction ratio for each of the temperature
zones is multiplied by the deterioration coefficient of the
NO, reduction performance determined for each of the
temperature zones on the basis of the recorded cumu-
lative time to update the standard NO, reduction ratio;
thus, the standard NO, reduction ratio for each of the
temperature zones and in consideration of the deterio-
ration with age of the catalyst 10 is estimated with high
accuracy for each of the temperature zones.

[0032] In this case, it is preferable that amounts of
emission of HC and CO are estimated on the basis of
the current operating condition determined by the revo-
lution number signal 19a from the sensor 19 and by the
load signal 20a from the sensor 20. On the basis of the
estimated amounts of emission of HC and CO, a poison-
ing coefficient of the selective reduction catalyst 10 due
to HC and CO is retrieved and determined from the map.
The standard NO, reduction ratio is further corrected by
multiplying it by the determined poisoning coefficient.
Thus, also in consideration of the poisoning deterioration
of the catalyst 10 due to HC and CO, more accurate
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standard NO, reduction ratio can be calculated.

[0033] Thus updated standard NO, reduction ratio is
used in a next operation to compare the actually meas-
ured NO, reduction ratio with the standard NO, reduction
ratio in the measured temperature zone; when deviation
of the actually measured NO, reduction ratio from the
standard NO, reduction ratio falls within a required range
(for example,+= 2.5% or so: however, any adjustment
may be made up to = 10% or so), it may be determined
that NO, emission control system is normal in operation;
on the other hand, when the deviation of the actually
measured NO, reduction ratio from the standard NO,
reduction ratio falls below the required range, it is deter-
mined that there is abnormal deterioration of the catalyst
10 whereas when the deviation of the actually measured
NO, reduction ratio from the standard NO, reduction ratio
is beyond the required range, it is determined that there
is abnormality in the sensors such as the NO, sensors
22 and 23 and the temperature sensors 24 and 25. The
determination result is transmitted as display information
signal 26a to and displayed on a display unit 26 in a driv-
er’s cabin.

[0034] Such determination in the control unit 21 is car-
ried out when the temperature of the catalystisin arange
from about 200°C where the NO, reduction ratio begins
to be obtained to the temperature (for example, about
350°C) where a maximum NO, reduction ratio is obtained
and a condition of the catalyst is determined as normal
(itis determined as normal, for example, when deflection
of the catalyst temperature is for about 20 seconds in
+5°C).

[0035] Whenthe standard NO, reduction ratio updated
per operation is lower than a predetermined value, it can
be regarded that the deterioration with age of the catalyst
10 has seriously progressed, so that it is determined in
the control unit 21 that the catalyst 10 is to be replaced
in near future, and, for example, forecast on when to re-
place the catalyst is displayed on the display unit 26 in
the driver’s cabin.

[0036] The above-mentioned actually measured NO,
reduction ratio is that determined from comparison be-
tween NO, concentrations detected by the NO, sensors
22 and 23 on the entry and exit sides of the catalyst 10.
However, the NO, sensors 22 and 23 themselves are
also deteriorated with age and are gradually lowered in
their output values since they themselves are exposed
to high temperature condition; therefore, it is further pref-
erable that said determined NO, reduction ratio is multi-
plied by a coefficient of deterioration with age retrieved
from the map depending upon used hours of said NO,
sensors 22 and 23 (which are counted by the timer func-
tioninthe controlunit21), whereby the actually measured
NO, reduction ratio is corrected in consideration of the
deterioration with age of the NO, sensors 22 and 23.
[0037] Thus, when abnormality detection in the NO,
emission control system is carried out by such control
unit 21, the temperature of the catalyst during the oper-
ation period is monitored in the control unit 21 on the
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basis of the detection signals 24a and 25a from the tem-
perature sensors 24 and 25 to record the cumulative time
for each of the temperature zones, the standard NO, re-
duction ratio being multiplied by the deterioration coeffi-
cient of the NO, reduction performance determined on
the basis of the recorded cumulative time for each of the
temperature zones to update the standard NO, reduction
ratio, so that the standard NO, reduction ratio is estimat-
ed with high accuracy in consideration of the deterioration
with age of the catalyst 10 for each of the temperature
zones.

[0038] Thus estimated standard NO, reduction ratio is
used in a next operation to compare the actually meas-
ured NO, reduction ratio on the basis of the detection
signals 22a and 23a from the NO, sensors 22 and 23
with the standard NO, reduction ratio in the measured
temperature zone. When the deviation of the actually
measured NO, reduction ratio from the standard or prop-
er NO, reduction ratio falls within a required range, it is
determined that the system is normal in operation; when
the deviation of the actually measured NO, reduction ra-
tio from the standard NO, reduction ratio falls below the
required range, it is determined that there is abnormal
deterioration of the catalyst 10; when the deviation of the
actually measured NO, reduction ratio from the standard
NO, reduction ratio is beyond the required range, it is
determined that there is abnormality of the sensors such
as the NO, sensors 22 and 23 and the temperature sen-
sors 24 and 25. The determination result is displayed on
the display unit 26 in the driver’s cabin.

[0039] Thus, according to the above embodiment, the
highly accurately estimated standard NO, reduction ratio
in consideration of the deterioration with age of the cat-
alyst 10 is compared with the actually measured NO,
reduction ratio, so that abnormality in the NO, emission
control system can be reliably detected. Moreover, when
the deviation of the actually measured NO, reduction ra-
tio from the standard NO, reduction ratio does not fall
within the required range, abnormal deterioration of the
catalyst 10 and abnormality in the sensors can be deter-
mined distinctly from each other depending upon whether
the deviation falls below or is beyond the required range.
As a result, prevented from occurring is a situation that
an operation is continued without notice of deterioration
of the catalyst 10 or abnormality in the sensors and re-
sultant failure of attaining the target NO, reduction ratio.
[0040] Especially in the embodiment, the NO, reduc-
tion ratio is measured by the NO, sensors 22 and 23
arranged on the entry and exit sides of the catalyst 10
and the thus actually measured NO, reduction ratio is
corrected by multiplying it by a coefficient of deterioration
with age depending upon used hours of the NO, sensors
22 and 23. Furthermore, the standard NO, reduction ratio
is further corrected by multiplying it by the poisoning co-
efficient determined on the basis of amounts of emission
of HC and CO derived from the operating condition of
the engine 1. As a result, the NO, reduction ratio can be
determined more accurately in consideration of the de-
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terioration with age depending upon used hours of the
NO, sensors 22 and 23 and poisoning deterioration of
the catalyst 10 due to HC and CO to thereby further en-
hance the accuracy of abnormality decision.

[0041] Whenthe standard NO, reduction ratio updated
per operation is lower than the predetermined value, it is
determined in the control unit 21 that the catalyst 10 is
to be replaced in near future, and, for example, forecast
onwhentoreplace the catalystis displayed on the display
unit 26 in the driver’'s cabin. This may be noticed by the
driver to accelerate earlier replacement of the catalyst.
[0042] Itistobeunderstood thata method for detecting
abnormality in an exhaust emission control device of the
invention is not limited to the above embodiment and that
various changes and modifications may be made without
leaving the gist of the invention. For example, diesel oil
or the like other than the urea water is applicable as the
reducing agent to be added for the selective reduction
catalyst.

Claims

1. A method for detecting abnormality in an exhaust
emission control device for reduction and purification
of NO, through addition of a reducing agent (17) to
selective reduction catalyst (10) incorporated in an
exhaust pipe (9), comprising monitoring a tempera-
ture of the catalyst (10) during an operation period
to record cumulative time for each of temperature
zones, determining a deterioration coefficient of NO,
reduction performance for each of the temperature
zone on the basis of the recorded cumulative time
for each of the temperature zones, multiplying a
standard NO, reduction ratio predetermined for each
of the temperature zones by said determined dete-
rioration coefficient for each of the temperature
zones to update the standard NO, reduction ratio,
using the updated standard NO, reduction ratio in a
next operation to compare an actually measured
NO, reduction ratio with the standard NO, reduction
ratio on a measured temperature zone, and deter-
mining presence of abnormality when deviation of
the actually measured NO, reduction ratio from the
standard NO, reduction ratio does not fall within a
required range.

2. A method for detecting abnormality in an exhaust
emission control device as claimedin claim 1, where-
in the NO, reduction ratio is measured by NO,,sen-
sors (22), (23) arranged on entry and exit sides of
the catalyst (10), said actually measured NO, reduc-
tion ratio being multiplied for correction by a coeffi-
cient of deterioration with age depending upon used
hours of the NO, sensors.

3. A method for detecting abnormality in an exhaust
emission control device as setforth in claim 1, where-
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10.

in a poisoning coefficient is determined on the basis
of amounts of emission of HC and CO derived from
an operating condition of the engine (1), the standard
NO, reduction ratio being further multiplied for cor-
rection by said poisoning coefficient.

A method for detecting abnormality in an exhaust
emission control device as set forth in claim 2, where-
in a poisoning coefficient is determined on the basis
of amounts of emission of HC and CO derived from
an operating condition of the engine (1), the standard
NO, reduction ratio being further multiplied for cor-
rection by said poisoning coefficient.

A method for detecting abnormality in an exhaust
emission control device as setforthin claim 1, where-
initis determined thatthere is abnormal deterioration
of the catalyst (10) when the deviation of the actually
measured NO, reduction ratio to the standard NO,
reduction ratio falls below the required range, and it
is determined that there is abnormality in sensors
when the deviation is beyond the required range.

A method for detecting abnormality in an exhaust
emission control device as set forthin claim 2, where-
initis determined thatthere is abnormal deterioration
of the catalyst (10) when the deviation of the actually
measured NO, reduction ratio to the standard NO,
reduction ratio falls below the required range, and it
is determined that there is abnormality in sensors
when the deviation is beyond the required range.

A method for detecting abnormality in an exhaust
emission control device as set forth in claim 3, where-
initis determined thatthere is abnormal deterioration
of the catalyst (10) when the deviation of the actually
measured NO, reduction ratio to the standard NO,
reduction ratio falls below the required range, and it
is determined that there is abnormality in sensors
when the deviation is beyond the required range.

A method for detecting abnormality in an exhaust
emission control device as set forthin claim 4, where-
initis determined thatthere is abnormal deterioration
of the catalyst (10) when the deviation of the actually
measured NO, reduction ratio to the standard NO,
reduction ratio falls below the required range, and it
is determined that there is abnormality in sensors
when the deviation is beyond the required range.

A method for detecting abnormality in an exhaust
emission control device as set forth in claim 1, where-
in it is determined that the catalyst (10) is to be re-
placed in near future when the standard NO, reduc-
tion ratio is lower than a predetermined value.

A method for detecting abnormality in an exhaust
emission control device as set forth in claim 2, where-



1.

12,

13.

14.

15.

16.

11 EP 1 801 375 A1

in it is determined that the catalyst (10) is to be re-
placed in near future when the standard NO, reduc-
tion ratio is lower than a predetermined value.

A method for detecting abnormality in an exhaust
emission control device as set forth in claim 3, where-
in it is determined that the catalyst (10) is to be re-
placed in near future when the standard NO, reduc-
tion ratio is lower than a predetermined value.

A method for detecting abnormality in an exhaust
emission control device as setforth in claim 4, where-
in it is determined that the catalyst (10) is to be re-
placed in near future when the standard NO, reduc-
tion ratio is lower than a predetermined value.

A method for detecting abnormality in an exhaust
emission control device as setforth in claim 5, where-
in it is determined that the catalyst (10) is to be re-
placed in near future when the standard NO, reduc-
tion ratio is lower than a predetermined value.

A method for detecting abnormality in an exhaust
emission control device as set forth in claim 6, where-
in it is determined that the catalyst (10) is to be re-
placed in near future when the standard NO, reduc-
tion ratio is lower than a predetermined value.

A method for detecting abnormality in an exhaust
emission control device as setforth in claim 7, where-
in it is determined that the catalyst (10) is to be re-
placed in near future when the standard NO, reduc-
tion ratio is lower than a predetermined value.

A method for detecting abnormality in an exhaust
emission control device as set forth in claim 8, where-
in it is determined that the catalyst (10) is to be re-
placed in near future when the standard NO, reduc-
tion ratio is lower than a predetermined value.
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